Abstract: Since the 1990s, the Czech intergovernmental fiscal relations have been undergoing a transformation. One of the measurements strengthening the autonomy of local authorities was the introduction of the instrument of the local coefficient in 2009 which provided the municipalities with the possibility to raise real estate tax in order to maximize their revenues. The aim of this article is to statistically analyse the impact of this instrument on the quality of life in a sample of Czech municipalities which have changed the local coefficient from 1 up to 5. The empirical analysis consists of two parts -a non-parametrical correlation analysis and paired difference testing. It is carried out in context of population ageing versus population growth, and the availability of basic public services (education, health care, communication, public safety). The analysis proves that there are great differences between the municipalities that have increased the real estate taxes and municipalities that have not. In the second case, the municipalities are more threatened by population ageing as they face the growth of population while the number of working age citizens is declining together with the provision of public services. Meanwhile, the municipalities that have increased the coefficient of real estate taxes have experienced increase in both population and working age population sizes. Such municipalities do not face the problem of shrinking of public services. Also, the policy of raising local coefficient implies a potential for ongoing development of districts.
Introduction
As a consequence of the financial crisis of [2007] [2008] , the central government in the Czech Republic strengthened the position of local authorities in fiscal federalism (Smith, Bryson and Cornia, 2011) in order to lower rising fiscal stress (Scidmore and Scorcone, 2011) in more than 6000 municipalities. In fact, these municipalities are dependent on revenues from the central Czech government accountable for tax collections. Since 1 January 2009, any local government has acquired the power to raise the property tax levied on real estate located in its district (Bečica 2014) . Therefore, any local authority is entitled to setting up of a coefficient used for a local tax property calculation. This can influence fiscal revenue from the property tax without any obligation to spend extra money on a specific area of its responsibility. Nonetheless, such an increase of tax might make any residence in the municipality more expensive without getting any payoff in the form of improved quality of living conditions (Schneider, 1987) . On the other hand, local authorities can use the extra revenues to mitigate the negative results of current patterns of local and regional development. In particular, urban sprawl, suburbanisation processes and shifting tax bases have fostered concerns about the geography of public services provision, i.e. how the public services can be founded and supported in the inner and outer city areas (Pike, Ródriguéz-Pose and Tomaney, 2006) .
With all of the above in mind, the aim of this paper is to examine whether the policy of forceful raising of the property tax by the institute of local coefficients introduced in the Czech Republic in 2009 impacts the quality of life in municipalities which decided to raise this coefficient from 1 to 5. There is no legal or moral obligation for the local governments in the Czech Republic to justify such a decision in public; any setting of the local coefficient is the issue of mayoral quality (Avellaneda 2009 ) rather than ideology (Blom-Hansen, Monkerud and Sorensen, 2006 ) Therefore, we assume that the collective decision of raising the local coefficient made by local authorities is driven by rationality of individual and collective well-being. Hence, any higher degree of taxation at the local level of government should be compensated with an adequate provision of public service provided or supported by municipalities such as schools, public libraries, access to health care, transportation and communication infrastructure, public safety, etc. In other words, we seek to determine whether the instruments of local coefficients imply a potential risk for ongoing local development.
Review of literature
From many points of view, the property tax levied on real estate, such as land and immovable man-made objects (buildings), i.e. real estate tax, is usually considered to be a perfect tax. Firstly, the object of the tax is tangible and bulky. Secondly, it is usually firmly tight to Earth. And finally, it is extremely complicated to conceal it from tax collectors so as to evade real estate tax (Alm, 2013) . On the other hand, as an instrument of the public policy determining behaviour of public policy actors, such as residents, local governments and firms, the real estate tax might be considered to be the bone of contention.
Although the primary purpose of real estate tax is to get revenue needed for central, regional and local government activities at the lowest, implemented into fiscal system in a particular national state, it still poses many both theoretical and practical questions.
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For instance, with regard to the well-known impact of the Great Depression on the U.S. cities, Lutz, Molloy and Shan (2011) scrutinized how the property tax affected house prices in the U.S. during the financial crisis of 2007 -2008 . Blom-Hansen, Monkerud and Sorensen (2006 attempted to discover if the real estate tax rate in Norway and Denmark, as revenue of local budgets, was determined by the ideology of left-and right-wing parties. Due to the fact that local governments in Norway and Denmark, two well-known welfare states, are based on requirements of municipalities and their citizens, they did not find any substantial correlation between political orientation and the grade of the tax rate. Schneider (1987) in his study dealt with the question of whether there were some differences among metropolitan, urban, sub-urban and rural districts in the U.S. regarding the ability of real estate property tax to be the revenue determining the wealth of a city. More specifically, the property tax issue is a frequent subject of research in the U.S., e.g. Fisher and Fairbanks (1967) , as the property tax is a substantial source of income for municipalities (Alm, 2013) . They are entrusted by the federal government with the provision of essential public services to their citizens, such as schooling, e.g. Chernick, Langley and Reschovsky (2011) ; hence the interrelationship between taxation by real estate tax and the quality of live supported by revenue from property tax. In addition, the property tax installed into prices determines the competition of Small and Medium Enterprises as well as the quality of schooling (Stevens and Mason, 1996) ; and also, thanks to the power to set the real estate tax rate, municipalities can compete with one another in order to either allure investors in their administration districts or to attract new citizens, like families seeking good education for their children (Crowley and Sobel 2011) . Smith, Bryson and Cornia (2011) analysed intergovernmental fiscal relations in the Czech Republic focusing on the level of fiscal decentralization. They chose the Czech Republic as the subject for their research as it is "a country engaged in an extended public sector transition from the central planning era" (Smith, Bryson and Cornia, 2011: 99) . They further state: "But old habits die hard and the high degree of centralism of that period was deeply ingrained. Consequently, we continue to find in our encounters with the Czech Republic some of the characteristics of a substantially centralized fiscal system -with transfers from the center representing a large share of the total revenues of local budgets and at the local level, low local fiscal effort and very meager ownsource revenue generation." (ibid) As a measure supporting the fiscal decentralization might be seen the delegation of authority to set a part of the real estate tax rate from the central government to the local authorities. That might be considered as an essential move to support the relationship between taxpayers living in municipalities and local authorities taking care of their living standards with the provision of essential public services, such as schooling, streetlight, fire service, public library, tap water, post office, places to buy groceries, etc.
However, studies dealing with the impact of the above-mentioned innovation on the local quality of life are few. Researchers like Bečica (2014), Sedmihradská (2013) or Sedmihradská and Bakoš (2015; scrutinize the aspects of the introduction of the local coefficient analysed in some of the studies mentioned above rather than evaluate the policy of raising of the local coefficient linked to the accessibility and quality of public services provided and funded by municipalities which have raised the real estate tax rate by changing the local coefficient from 1 to 2, 3, 4 or 5. In particular, Sedmihradská and Bakoš (2015) have published a list of Czech municipalities that have raised the local coefficient to deal with the phenomenon of tax mimicking (Sedmihradská and Bakoš, 2016) . A good subject for further research could then revolve around the innovation introduced to the Czech fiscal system in 2009.
Methods
To fulfil the aim, we have conducted the analysis using the following assumptions and methods. The objective was to examine whether the local coefficients of real estate taxes, i.e. the part that is decided by a local (municipal) government, impacts the quality of life in the individual municipalities. Our sample consists of municipalities of the Czech Republic (as of 2011, i. e. 6,252 municipalities in total), covering the period 2011-2016. The period could seem short but the choice was based on both the unavailability of data on the quality of life and the fact that the method of determining the value of local coefficients of real estate taxes is quite a new established by the Act no. 261/2007 (in force since 2008), which amended the Act no. 338/1992. Its deployment has been slow and not every municipality has decided to apply this instrument (i.e. the coefficient remains at the value of 1).
Regarding the bottom units of regional hierarchy, the number of quality of life indicators is limited. Therefore, we only examine changes in population size and structure, and the presence of basic public services. In particular, we follow the traditional indicators like the existence of medical services and educational facilities (Phillips, 2006; Rogersonn et al., 1996; Korovchenko, 2016) , as well as security services (Qizilbash, 1998:67) where the existence of a fire brigade is examined. These are some of the major indicators of several concepts of quality of life measurement, e.g. the theory of human need (Doyal and Gough, 1991) , and they also correspond with the EU policy objectives, i.e. the improvement of living conditions and quality of life (Noll, 2002) . Moreover, as an interesting indicator we also employ provision of post offices, an important public service threatened by the global shift to e-communication. The data on population, provision of medical service, educational facilities and post offices have been acquired from the Czech Statistical Office database (CZSO, 2017) . The values of real estate taxes represent the local coefficients set by local governments. These data have been sourced from Sedmihradská and Bakoš (2017) . Finally, the data on provision of a fire brigade have been obtained from the internal database of Fire Rescue Service of the Czech Republic (FRSCR, 2017).
We examine the issue both statistically and dynamically in order to compare any development patterns between the municipalities that have increased the local coefficient of real estate taxes and those that have not done so yet. Such a comparison will allow us to estimate whether the increased amount of local taxes might improve the quality of life in individual municipalities. First, we apply the correlation analysis to find whether there are any connections between the quality of life indicators and the level of local coefficients of real estate taxes. In other words, we seek to learn whether municipalities that have taxed the real estate at a higher rate also provide more public services to residents. Acquitted with the non-parametric distributions of our data, we employ the Spearman rank-order correlation procedure (1)
where is a difference between two ranks of observation and is the number of observations.
The second part of the analysis is based on the paired difference testing, i.e. comparing the initial and final periods to assess whether the samples differ. As the input data follow various non-normal distributions, to examine the presence (true/false -1/0) of post offices and medical services we employ the McNemar test (2) ( 2) where 12 and 21 represent positions of counts from a 2 x 2 matrix.
In addition, we apply the Wilcoxon signed-rank test used for non-normally distributed data (1945) to examine variables such as provision of educational facilities and its level (primary/secondary/false -1/2/0), size of working age population (aged 15 to 64), or size of total population. Since the test procedure is well-known but too extensive to describe, we advise consulting, for example, Zar (2010) or Sokal and Rohlf (1987) if needed, where one can find the Wilcoxon signed-rank test explained, along with the other above-mentioned methods.
Results and discussion
The analytical part is divided into two main sections. First of all, we proceed to examine any connection between the quality of life indicators and the value of local coefficients of real estate taxes. Next, we focus on dynamics of these relationships while evaluating whether the changes of local coefficients of real estate taxes were followed by changes of quality of life indicators in the individual municipalities. However, it is first necessary to identify those municipalities that have increased the local coefficient of real estate taxes. We have learned that 562 municipalities (i.e. ca 9%) used this instrument in 2016. Figure 1 shows that these are very often located in 4 types of area: (I) the suburbs of large cities and conurbations, e.g. surrounding areas of Prague, Brno, Ostrava, Pilsen, Liberec or Budweis; (II) former heavy industrial regions with a large portion of obsolete industrial facilities, e.g. northwest and northeast parts of the Czech Republic; (III) industrial areas with large business units and infrastructure, e.g. Mladá Boleslav, Kvasiny, Dukovany or Temelín; and (IV) regions with facilities for a year-round recreation, e.g. Šumava, Krkonoše, Jeseníky or Beskydy.
Inspecting the list of municipalities which have raised the local coefficient three, four or five times, we might only guess the motivation behind their decision. On the one hand, we can find municipalities (e.g. Mladá Boleslav, Kvasiny, Nošovice, Mirošovice, Stonava, Čeladná, Boží Dar) tackling some externalities, such as infrastructure capacity expansion, noise, dustiness, air pollution, delinquency committed by precariat employed in industrial and logistical facilities in the area of municipal responsibility, influx of home waste left by non-residents. On the other hand, some municipalities do not face such local troubles at all. Nevertheless, there are vast energy power facilities in the area of municipal responsibility, for instance, atomic power station Dukovany, Temelín, or hydroelectric power station Lipno nad Vltavou, which do not cause any such externalities mentioned above. On the contrary, the living standard of residents may be increased by sharing the services provided by the security standards ordered by the state, e.g. fire service, police, in-house medical care, etc. This raises the question of whether the policy of rising of the local coefficient is rather immoral as some municipalities seem to have derived their policy from the ability-to-pay principle. Considering the mutual relationship between municipalities and companies conducting business in areas of their responsibilities and the EU policy of Corporate Social Responsibility (Miralles-Quiros et al., 2017), municipalities possibly should focus more on the ethics of their decision to raise the local coefficient. Based on these findings, we can assert that both positive and negative externalities brought on by a close proximity to larger municipalities, job opportunities, as well as societal cost of production, might impact decision-making related to the level of local coefficients of real estate taxes. However, we can only speculate about the weight of these factors within the comprehensive local policy-shaping process.
Figure 1 Municipalities that applied higher local coefficient of real estate taxes (2016)
Source: Authors' own processing based on Sedmihradská and Bakoš (2017) .
Focusing on all 6252 municipalities in our sample, the results shown in Table 1 suggest the level of local coefficient of real estate taxes (LCRET) correlates positively with the level of quality of life indicators. In fact, the correlation relationships are rather weak but still significant, since the coefficients are between 0.130 and 0.209. As for the 562 municipalities that applied (i.e. increased) the instrument of local coefficient of real estate taxes, we have found all relationships to be non-significant. It is also important to note that these findings are not biased due to the sample size or the effect of critical values since the values of within all municipalities are higher. The results suggest that municipalities that are more populated and hence handle a wider supply of public services apply higher taxation of real estate. However, from the subsample of municipalities that actively use the real estate taxation instrument it is apparent that it is not true that the higher the coefficient of real estate taxes, the higher the quality of life, and vice versa. Based on these findings, we can suggest that the increasing of local coefficient of real estate taxes is not associated with a higher quality of life. Considering that increased taxes should be compensated also by an increase in quality of life, it does not seem justified to increase the local coefficient of real estate taxes. Sedmihradská and Bakoš (2017) and FRSCR (2017) . Now we approach the next part of our analysis: assessing the dynamic view on development of quality of life in municipalities that have increased the local coefficient of real estate taxes, focusing on the period 2011-2016. We should point out that only 289 municipalities (i.e. ca 5%) applied a higher local coefficient of real estate taxes in 2016 than in 2011, while the rest 5963 did not. Table 2 demonstrates how all quality of life indicators, except for educational facilities, of municipalities that did not increase the local coefficient of real estate taxes changed significantly. In addition, the p-value of educational facilities, 0.06, is very close to our desired level of significance at 0.05. Furthermore, the results show that only the indicators of population, working age population and educational facilities changed significantly within the sample of municipalities that increased the local coefficient of real estate taxes between 2011 and 2016.
Admittedly, these findings do not say much unless they are interpreted in terms of changes within the sample. Let us start with the indicators of population, as shown in Table 3 . Since the samples are non-normally distributed, we only show the values of median, first and third quartile (Q1 and Q3), and the coefficient of variation (CV). In the sample of municipalities that did not increase the local coefficient of real estate taxes we can see that the size of total population is on the rise, while the size of working age population falls. This finding is in line with other recent researches that conclude the process of population ageing to be the general tendency both in the Czech Republic and other European countries, impacting welfare and the quality of life negatively (Feldstein, 2006; Vettori, 2016; Arltová and Langhamrová, 2010; Káčerová et al., 2012) . Moreover, the variation found is very high but, more or less, stable over time. Sedmihradská and Bakoš (2017) and FRSCR (2017) .
However, the results lower in Table 3 show that the tendency in municipalities that increased the local coefficient of real estate taxes is different. The figures show that the municipalities in this sample are generally bigger (with a higher market demand), while the sample variation is lower. The middle values increased while the variation slightly decreased in both population and working age population indicators. These facts could be signal a more favourable developmental pattern, as opposed to municipalities that did not increase the local coefficient of real estate taxes. This is particularly interesting as higher real estate taxation proved to result in higher costs of living. On the other hand, as mentioned above, a bigger portion of municipalities that use the instrument of real estate taxation is situated in the suburbs of large cities, in industrial and entertaining areas; so, logically, the working age population concentrates in these areas, near to job opportunities. From this it could be assumed that some municipalities enjoy the heightened inflow of working age population and construction boom regardless the level of local coefficients of real estate taxes. CZSO (2017) . Table 4 presents the results of the quality of life indicators derived from public services like provision and the level of educational facilities, medical services, or post offices. In Table 4 we also provide two more columns with additional information about the samples -the number of municipalities with their services under examination which refer to a "sample breakpoint" between the presence and absence of a particular quality of life indicator; and the percentage change between 2011 and 2016. This allows us to compare the development of samples of unequal sizes. The table clearly demonstrates that the level of public services is higher in those municipalities that increased the local coefficient of real estate taxes. This result from the fact that the majority of municipalities that increased the local coefficient of real estate taxes provides educational facilities, medical services and post offices to their citizens, while in the other municipalities the absence of these services prevails. These results are not surprising since the larger sample involves a high number of very small municipalities with a limited demand and hence a smaller need for such services. However, there are other, more vivid differences between both samples, especially in terms of development.
Focusing on development, the analysis proved that the number of municipalities that provide educational facilities, medical services and post offices slightly decreased between 2011 and 2016 in the sample of municipalities that did not increase the local coefficient of real estate taxes. It should be pointed out here that the previous testing procedures only identified these decreases to be significant for indicators of medical services and post offices. In contrast, the results for the other sample show that the counts slightly increased or remained the same within the period of 2011-2016, and the analysis only found only the change of the educational facilities indicator to be significant. In fact, the total difference in the number of educational facilities over the period (i.e. 5) is very low. The Wilcoxon signed-rank testing procedure result is not wrong as we have identified more than five changes within the sample; but these changes are not so obvious from a simple comparison of aggregated numbers presented in the table. In addition, one can see the variation is lower and slightly decreasing over time within the sample of the municipalities that increased the local coefficient of real estate taxes. CZSO (2017) .
Conclusion
Since the 1990s, the Czech intergovernmental fiscal relations have been undergoing a transformation. It is seen as a part of an economic transition focusing on the abandonment of centralism and the shift to pluralism. Any fiscal decentralization has been hence viewed as a principal component of democratic development so far. As the spin-off of the fiscal stress implied by the financial crisis of 2007-2008 can be considered the strengthening of the autonomy of local authorities by empowering them to change the real estate tax rate. Since 1 January 2009, they were able to use the instrument of the local coefficient. By adjusting it from 1 up to 5, municipalities were able to maximize their revenues from real estate tax.
We have carried out an analysis to scrutinize the interrelationship between the level of property taxation and quality of live in the Czech municipalities, and some important conclusions could be drawn from it. We have found that there are some differences between the municipalities that increased the local coefficient of real estate taxes and those that did not. In the second case, the municipalities are more threatened by population ageing since they face growing size of total population, while the size of working age population is declining. Furthermore, the provision of public services in these municipalities is slightly declining as well. Whereas the municipalities that did increase the coefficient of real estate taxes experienced an increase in both population and working age population sizes. Moreover, these municipalities do not face the problem of shrinking of public services. In general, the increased amount of taxes seems to be used reasonably and justifiably by local governments as attractiveness for working age population and stability in the supply of public services indicate a solid potential for further development. Also, the policy of raising local coefficient implies a potential for ongoing development of districts.
Admittedly, our generalized conclusions are rather limited as the results of the analysis may, to some extent, be biased. There are various reasons for that. We have already mentioned the factor of the availability of job opportunities that may influence the development patterns regardless the local government's actions. Another reason is that other data like the quality and spatial proximity of services and not just their availability, as well as differences in purchasing power of inhabitants, general political directions and priorities, or path-dependence all impact the developmental patterns, but we were unable to access and use them. Finally, due to the unavailability of data for the bottom level of regional hierarchy there are many other important factors of quality of life that could not be included in this analysis, e. g. environmental, societal, public order, etc.
The national issue of increasing the municipal incomes by policy of rising of the local coefficient, which we paid a closer attention to in the article, needs to be considered in a broader linkage with demographic paradigm change. This is opening a next door for further research -and not only from the point of view of public finance or theories of local development. For instance, it could be analysed whether the upcoming population aging and ongoing rural depopulation should be tackled by raising of the local coefficient (an individual action at the local level of the state organization) or by periodic reframing of the distribution of tax yield (a collective action at the central level of the state organization); what ethical aspects such policies have; how moral the policy of raising of the local coefficient is in the environment of local players; or how much this policy is redistributive.
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